75 8 per cent.-a truly appalling figure. (There were 3 other cases admitted during the year 1908, but, as they were treated in the manner described in this paper, they have not been included: 2 died and 1 recovered.) These figures show how common is the disease, and also how fatal it is among the native Egyptians, to whom these statistics apply.
If the cause of death in a series of cases be analysed, it will be found that toxaemia accounts for some, exhaustion from the muscular spasms and insufficient food accounts for others, whilst respiratory failure will in yet other instances be found to be the immnediate cause of death. In days gone by treatnment was chiefly directed to the relief of the spasms, and, by controlling them, exhaustion and overloading of the system with waste products of muscular action were to a certain extent avoided, and a certain measure of success obtained. Let us, therefore, consider shortly the chief indications in the treatment of a case of tetanus. They are four in numlber:
(1) The destruction of the bacilli present and the prevention of further toxic absorption. This is done by the ordinary surgical miiethods, remembering that mlixed infections with pyogenic organisms considerably increase the gravity of the case. But this is not always possible, for the bacilli mi-ay be generalized, as in one of Blake's cases, in which post mortem they were recovered from the spleen and from the heart-blood, forming a veritable tetanaemia. Bacelli has employed, with excellent results, carbolic-acid solutions hypodermically; they appear to have some antitoxic effect.
(2) The use of antitoxin. As a curative means this is somewhat disappointing, the toxin being too firmly fixed by the nervous system; but as a prophylactic it is of value. To this the American surgeons testify, they having used it on a large scale after Fourth of July celebrations and during the constructional work on the World's Fair; but even then it sometimes fails, being somewhat rapidly eliminated from the system, and so requiring frequent repetition.' In reading reports of cases it is difficult in many instances to know how much has been used, some writers quoting the amount in units, others in cubic centimetres; but, anyhow, the best results seem to have been obtained by muassive doses. In my cases the amount has been recorded in cubic centimetres. The Lister Institute preparation has been used by me. For some years I had given up the use of the antitoxin entirely, as I failed to see any benefit from its use; but recently, in conjunction with the magnesium-sulphate treatment, I have re-employed it. In a case of chronic tetanus under my care in 1903, in which the disease had lasted about one hundred days and in which there was still rigidity of the abdomen, I thought perhaps a dose of antitoxin would clear up matters; but profuse bronchorrhcea set in, the fluid pouring up from the man's lungs, and death resulted in twenty-four hours. After this I discontinued its use.
(3) The relief of spasms. This was formerly obtained by the use of sedatives, such as chloral hydrate and bromides or such bodies. This end is also obtained by the method I am going to describe.
(4) Conservation of the strength by proper food and sleep-absolute quiet, a darkened room, and abundance of fluid to dilute and flush out the toxin being accessory measures.
Solutions of sulphate of magnesium applied to nerve trunks were found to abolish sensibility and motion, producing in fact nerve block. Further, spinal anaesthesia was found to result from their introduction into the spinal canal; for surgical purposes, however, magnesium sulphate is less suitable than such bodies as stovaine, as the effect is less quickly produced and takes a much longer time to pass off. Meltzer accordingly suggested its use in the treatment of tetanus. Meltzer and Auer performed a number of experiments on monkeys, and found, firstly, that in doses of 006 grm. to 007 grm. magnesium sulphate per kilogramme weight, anmesthesia was produced; larger doses affected the respiration, and yet larger doses paralysed the respiration, but life could be preserved by artificial respiration; lastly, the heart was affected and the bloodpressure fell. Further experiments showed that even in the hyperexcited cord of tetanus, complete relaxation could be obtained without affecting respiration (doses of 0 08 per kilogramme weight being used). Even the face could be relaxed in some monkeys. Again, though all their monkeys injected with tetanus toxin died, those treated with magnesium sulphate lived longer. (Two monkeys were injected with tetanus toxin only, and four with toxin followed by magnesium sulphate.) Two other monkeys died of an overdose of magnesium sulphate. They noted also a cumulative effect after a series of injections, smaller doses being required in the later injections. In the monkeys used, however, the cord extended down to the sacrum, and some of the solution may have been injected into it, hence the cumulative effect. There is also relatively less cerebrospinal fluid present in monkeys, and so the injections caused more spinal disturbance. In man the fluid is more easily distributed, and a smaller dose per kilogramme weight is sufficient. These experiments proved that amelioration of symptoms and retardation of death result from the use of magnesiurn sulphate.
That the toxin is not neutralized nor destroyed by the magnesium sulphate solution is proved by Cruveilhier's experiments. He found that a mixture of tetanus toxin and magnesium sulphate produced tetanic symptoms in animals even if it stood for an hour before injection. The action of the drug therefore is palliative, and so its use fulfils indication (3).
My attention was drawn to the method by a short report of a case published in the Lancet.1 I therefore tried it in 7 cases, the details of which follow. Whilst I was in England this last summer I looked up all the literature on the subject. I found that in all 21 cases have been published of which only 9 died, a mortality of 42'8 per cent.-a distinct improvement on former statistics. On analysing these further, there were 8 acute cases which recovered, and 8 acute cases which died; 3 subacute cases recovered, 1 other case recovered, but whether these 2 cases were acute or not is uncertain from the report. (Details are given in the table appended.) In one of these cases the author seems to think that death was due to an overdose of magnesium sulphate. My own opinion is that in other cases an insufficient dose was given. To these 21 cases my own 7 cases form a substantial addition. Of them, 4 recovered and 3 died, the proportion being the same as the other cases.
The following is the technique: A 25-per-cent. solution of magnesium sulphate is carefully sterilized and injected in the ordinary way in the lumbar region, allowing first a little cerebrospinal fluid to escape. This is not always easy to do, owing to the lordosis and opisthotonus. In one of my cases it was necessary to give chloroform in order to inject the fluid, as it was found impossible without it. One cubic centimetre of this is injected for every 25 lb. of body weight: this means about 5 c.c. to 6 c.c. for an adult, and 2 c.c. to 3 c.c. for a child. (The doses I used at first were somewhat less than this.) It is as well, if possible, to prop the patient up a little to prevent the extension of the fluid to the medulla, an accident which might lead to respiratory failure. (This happened in a case recorded by Miller. Artificial respiration was, however, effectual, and the boy eventually recovered.) The result is usually flaccidity of the lower limbs and the abdominal muscles, and often slight diminution of the trismus, the patient feeling more comfortable and sleep often ensues. Anaesthesia, however, may not be well marked. It should be repeated as often as is necessary. In acute cases I have generally repeated it every twenty-four hours, but this depends largely on the return of the spasms, a shorter or longer interval being necessary. In one case as many as 1907, ii, p. 910. sixteen injections were used, and I saw no bad results after any of them. I have, in fact, seen no bad results at all, save a rise of temperature after the sixth injection. Some of the later injections were larger, no cumulative effect being noticed. In one of my fatal cases my house physician was doubtful if the injections were really intraspinal, as no fluid escaped, only blood appearing. Unfortunately, the spinal column was not examined post mortem.
The following are the details of my 7 cases, 3 of which, as already stated, were fatal. Therefore, of 28 cases so treated, 12 died-a mortality of 42 8 per cent.:
(1) A. M. A., a boy aged 7, was admitted to Kasr-el-Ainy Hospital on October 31, 1908, having been run over by a cart on October 29. He had an ulcerated wound on the outer side of the right ankle-joint. On November 5 tetanus developed. The wound was treated with carbolic acid, and 60 c.c. of anti-tetanic serum were given, together with chloral hydrate and bromide of potassium. On November 6 there was no improvement: his legs were rigid; he was injected with a solution of carbolic acid. On November 7 he was transferred to my care: all the treatment was stopped, and on November 8 he had his first injection of magnesium sulphate, about 2 c.c. being given intraspinally, together with a rectal injection of chloral and bromide of potassium. He was also given nutrient enemata, as he was quite unable to swallow. The intraspinal injection was repeated on November 9 at 6 p.m. and again at 11 p.m. On November 10 he was able to swallow, and the nutrient enemata were stopped. He had further injections on November 11, 12, and 13, when the temperature rose smartly, and they were stopped. He improved after the very first injection, relaxation of the abdomen and legs taking place, and the power of opening his mouth and swallowing soon reappeared. On recovery from the attack of tetanus I noticed that the left arm and leg were partially paralysed, and it was some months before he could walk properly; this I was afraid, at first, was due to the injections, but, after interviewing his father, I found that it was of old standing, and was in fact due to old infantile paralysis. This was clinically an acute case and did extremely well.
(2) M. S., aged 27, a baker, was admitted to hospital on December 5, 1908, with a history of tetanus for three days. He had had a small operation performed on November 26. He had a very acute attack of tetanus. He was treated with chloral and bromide, and was injected with magnesium sulphate intraspinally on December 5, 4 c.c. being given, similar doses being administered on December 6 and 7, and 6 c.c. on December 10 (through some mischance he was not injected on December 8 or 9); on December 11 he had 8 c.c., but during the last two days the legs remained rigid, and the spasms were so bad that he had to have chloroform inhalations. He died on December 12; his temperature was 37.40 to 37.70 C. The medical resident who gave the injections was not certain that the fluid really entered the subarachnoid space, as only blood flowed from the needle and not cerebrospinal fluid; however, I have included the case. It was a very severe case, but life seems to have been prolonged by the treatment; he lived ten days after the first appearance of the disease. (Compare the experiments on monkeys, in which, though no cure resulted, life was prolonged.) Post mortem nothing was discovered. No antitoxin was used in this case.
(3) M. A., aged 26, a labourer, was admitted on November 12, 1908, with acute tetanus of one day's duration. He had trismus and stiff neck, and his was an acute case; he had a contused wound of the great toe. He was given 5 c.c. of the magnesium-sulphate solution, together with chloral and bromide, but no antitoxin. He died early on November 14.
(4) A. A. H., aged 25, was bitten by a camel on January 24, 1909, and admitted to the hospital on January 26, with a compound comminuted fracture of the lower end of the right humerus; this was treated surgically, but necrosis ensued. On March 4 he complained of pain in his molar teeth. On March 5 there was lockjaw and rigidity of the posterior neck muscles, pectorals, abdominal and leg muscles; no rigidity in the arms; he could only separate his teeth 2 mm. ; spasms were severe and elicited on the slightest stimulus. He was put into a darkened room, and on March 5, 20 c.c. of antitoxic serum were given, and repeated on March 6. I saw him on March 6 and ordered magnesium-sulphate injections; 2 c.c. were given on March 6, 7, 8, 9, and 10, 2 5 c.c. on March 11, 12, and 13, and 3 c.c. on March 14, 15, 16, and 17. After the injections he felt numbness in his legs; marked relaxation followed in the lower limbs, slight elsewhere. After three injections he could open his mouth better and could swallow easier, and the spasms were much diminished. The length of time of the relaxation increased from about one hour, after the early injections, to six hours, and then the rigidity was not well marked. Spasms were rarely seen. He was re-transferred to the surgeon on March 23, cured of his tetanus. This, though originating so long after the original injury, was a very acute case of tetanus.
(5) E. S. G. A., aged 20, labourer, was admitted with tetanus on March 27, 1909. A month l)reviously he had abscesses on the right ring finger and over the left hip, and seven days before tetanus appeared he opened a small pimple on his back; this formed a sore. Tetanus began six days before admission with trismus and stiff neck. On admission he could not walk, and there was rigidity of the trunk and limbs, with clenched teeth and risus sardonicus; there was a temperature of 39 C., respirations were 26 per minute and shallow, and accompanied by a grunting noise. He had severe opisthotonus and constant convulsions the first two nights in hospital. He was given, on the day of admission, 40 c.c. of antitoxin, the wounds were cleaned with carbolic acid, and 2'5 c.c. of magnesium-sulphate solution were injected; this was repeated on March 28 and 29, in a dose of 3 c.c.; 3'5 c.c. were given on March 30 and 31, and daily till April 11. He had sixteen injections in all. The early injections only affected the lower limbs for a short time; the abdomen was noted as relaxed on March 30, but there was no effect on the jaw. After the tenth injection there were no more convulsions, and he could open his mouth. He got some bronchitis during the course of treatment, but this was relieved by ammonia and ether. It was throughout a severe case. The dosage of magnesium sulphate was insufficient at first.
(6) H. M. F., aged 12, was admitted on March 12, 1909, with tetanus. No definite history could be obtained; there was, however, a sore on the left heel. On admission he had trismus and risus sardonicus, but he could open his mouth a little; there was some abdominal rigidity and tenderness and some stiffness of the limbs, but he could walk a little; some spasms were seen by a hospital orderly. He was given 50 c.c. of antitoxin on March 13, and 2 c.c. of the magnesium-sulphate solution intraspinally. The intraspinal injections were repeated on March 14, 15, 17, 19, and 21, and on March 22 he could open his mouth well and could eat bread. This was a comparatively mild case.
(7) G. R. A., a-coachman, aged 30. Eight days before admission to hospital (August 18, 1909), whilst trying a horse, he fell on the ground and sustained three contused wounds on his leg; the day before admission trismus developed; this was quickly followed by other tetanic symptoms. On admission he was rigid, and had opisthotonus and frequent spasms. The temperature whilst in hospital varied from 370 to 38.50 C. On the day of admission he was given 30 c.c. of antitetanic serum and some chloral and bromide, and a saline enema of 500 c.c. at 12, 4, and 8 p.m. On August 19, 5 c.c. of the magnesium sulphate were given intraspinally at about 10 a.m.; this was very difficult to do on account.of the opisthotonus, and chloroform had to be given (the needle had broken in the tissues, andT was removed under the anasthetic) and the wounds cleaned; 50 c.c. more serum were given, and some chloral and bromide. In the evening he was well relaxed and,$eemed better, but the condition returned, and at midnight he was given another injection of magnesium sulphate. He, however, became worse and died on August 20, about 10 a.m. This was a very acute case.
Thus, out of my 7 cases, 4 recovered, 3 of them being severe cases, especially No. 5. All 3 cases that died were very acute, but it is doubtful in one of them if the injections were really intraspinal. Short details of the published cases are annexed. In addition there are 3 other cases published of tetanus treated by the. subcutaneous injection of magnesium-sulphate solutions. On these latter I offer no comment.
The action of the drug consists entirely in the relief afforded by the diminution of spasms and diminished rigidity.
The treatment is not free from danger; in some of the published cases the authors have even thought. that death resulted from the treatment. The principal danger to be feared is respiratory paralysis. This occurred in Miller's case, but after prolonged artificial respiration the boy completely recovered. Another bad effect that has been noted is bronchorrhoea. This has been very severe in several cases, but in one there were rAles in the lungs before its onset, and therefore not entirely due to the magnesium sulphate. I have already mentioned a case under my own observation in which profuse and fatal bronchorrhoea occurred after an injection of tetanus antitoxin in a chronic case of tetanus. I had never before seen such profuse secretion from the lungs. Retention of urine is also common after this method of treatment. Death has also occurred quite suddenly with the patient relaxed, the heart failing before the respiration. This is probably due to the action of -the toxin on the heart, as experimentally respiration fails before the heart in magnesiumsulphate anesthesia. To prevent respiratory failure it is advisable to prop the patient up slightly in bed to prevent the fluid extending upwards to the medulla. Should, however, respiratory trouble supervene, the spinal canal should be washed out with normal saline fluid, and artificial respiration be performed if the symptoms become severe. For bronchorrhoea, Logan has advised the use of atropine hypodermically.
The result of these 28 cases is that 12 died and 16 recovered, a mortality of 42'8 per cent. This is a distinct improvement on former figures, and therefore the treatment is, in my opinion, worthy of more extended trial. If the fatal event can be at all delayed, it is possible that time may be so gained as to allow of the advantageous use of antitoxin, and perhaps death may be averted. In such a disease as tetanus, rational polypharmacy has a place.
RtSuM' OF THE PUBLISHED CASES.
(1) POWUERS.-A male negro; ten days after a pistol wound of the thigh severe tetanus supervened, convulsions about every minute. He was treated with chloral and bromide, and on the third day 10 c.c. of antitoxin were given.
Under chloroform 2 c.c. of the magnesium-sulphate solution were given; at 4.30 p.m. and 7 p.m. there were slight convulsions. The next day he was worse and a bigger dose of magnesium sulphate was given; three hours later he was relaxed. Only these two injections were given. Recovery.
(2) HENRY.-Male, aged 9; first seen on July 28, 1907, six days after a kick from a horse and two days after tetanic spasms started. There were convulsions, rigidity of the jaw and neck, abdomen and legs; he was worse on July 30. On July 31 he was given 3 c.c. of the magnesium-sulphate solution, and in fifteen minutes relaxation commenced; he became drowsy, pulse and respiration increased, and the temperature fell a little. On August 2 again rigid; 3 c.c. more of the solution given; three hours later, drowsy. On August 5, 3 c.c. more were given; after this he was very drowsy and respiration became shallow. No further injections were given and the patient recovered.
(3) HENRY.-Male, aged 19; weight, 1231. lb. Admitted to hospital July 30, 1907, seven days after an injury to the foot. He was quite rigid and had severe spasms. The wound was excised. On July 30, under ethyl chloride, 6 c.c. of magnesium-sulphate solution were given; fifteen minutes later he was drowsy, and slight relaxation was noted. One hour later he was asleep and relaxed. On August 1 clonic spasms reappeared: on August 2 he was worse, with a temperature of 106'8 F., and he died the same day. He only had one injection. The case was very acute and possibly treatment insufficient.
(4) IIENRY.-A boy, aged 9, was admitted on August 13, six days after injuring both feet on a nail. Temperature 99-3 F., pulse 96, respiration 24, weight 55 lb. There were rales in his chest. 3.30 p.m., by lumbar puncture, 45 c.c. of fluid escaped, and 3'5 c.c. of the magnesium-sulphate solution were injected under ethyl chloride; this was badly taken. Fifteen minutes later relaxation commenced and was complete in an hour; he slept after this. Nine hours later spasms returned. The next day he was very ill, and 2-2 c.c. of magnesium-sulphate solution were injected. Some turbid fluid escaped from the spinal canal. He became comatose and died in the evening, with a temperature of 1060 F. This was a very acute case with chest complications, and seemed hopeless from the first.
(5) HENRY.-Male, aged 45; admitted August 25, 1907, having injured his foot three weeks before. There was trismus and rigidity of the abdomen; it was apparently a slight case. On August 27 he was worse. On August 30 he was given 18 c.c. of antitoxin. On August 31 he was almost comatose, with rales in his chest; he was given 30 c.c. more antitoxin. On September 1 he was sleeping like a drunkard, and his temperature was 106'6 F. On August 27 he was given 6 c.c. of the magnesium-sulphate solution; he immediately felt a burning pain in his spine, which ran up to the base of the skull; in fifteen minutes relaxation had commenced. On August 30, under ethyl chloride, 35 c.c. cerebrospinal fluid were removed and 6 c.c. solution injected. He died on September 1. Chest complications were a feature of this case.
(6) HEINECK.-Male, aged 17; admitted October 22, 1908, having wounded his foot with a rusty nail eight days before; tetanus started on August 21. On August 22 be was given 2,500 units of serum, and, later, 4,500 units in the arachnoid and 1,500 units each in the left sciatic nerve and anterior crural nerve. Large doses of antitoxic serum were given again on August 23, 24, 25, 26, 28, and 30, sometimes locally and sometimes intraspinally-in all, 56,500 units. Magnesium-sulphate solution was given in doses of 5 c.c. on August 23, 25, 26, 28, and 30; improvement was noted after each injection. Cured.
(7) BLAKE.-Male, aged 15, weight 115 lb., crushed three fingers seven days before admission. The wound was disinfected on the third day of the disease. 40 c.c. of antitoxin were injected into the cervical region of the spine and 20 c.c. into the medio-cephalic vein, and in the evening 20 c.c. into the medio-basilic vein. On the fourth day, of the disease he had 35 c.c. intraspinally. On the twelfth day after the injury he was given 4-5 c.c. of the magnesium-sulphate solution; this was repeated thirty-three hours later, and again in another thirty-seven and a half hours he had 8 c.c. of a 12£5-per-cent. solution of magnesium sulphate; this was repeated twenty-seven hours later, and six days later-five injections in all. He recovered. The injections had a marked effect in restraining the convulsions and in relieving pain. Occasional doses of morphia and chloral and bromide were given. (9) LOGAN.-A boy, aged 11, weighing 80 lb., had a gunshot wound of the hand eight days before. The wound was cleaned after the development of tetanus; and 50 c.c. of serum were given intraspinally, with sodium bromide and chloral hydrate every four hours. On the third day after admission 10 c.c. of serum were injected into each brachial plexus, each sciatic nerve, and around the wound, making 50 c.c. in all. On the same day, under an anesthetic, 4 c.c. of the magnesium-sulphate solution were given, and on the fourth day 50 nL (not quite 4 c.c.) of the same solution. The ancesthetic did not relax the abdominal muscles, but the magnesium sulpha,te did. He died forty hours and fifty minutes after the first injection of magnesium sulphate. The heart failed first. There was profuse bronchorrhcea, which yielded to atropine. The convulsions ceased completely after the magnesium sulphate; thirteen hours' rest was obtained. There was some difficulty in introducing the needle owing to the opisthotonus. Temperature (p.m.) 108'20 F.
(10) LOGAN.-A female, aged 24, was vaccinated seventeen days before the onset of tetanus (this was done antiseptically, and she probably became infected later); 100 c.c. of serum were injected thirty hours after the commencement of the disease, and the wound excised. At the same time 4 c.c. of the magnesium-sulphate solution were injected, and repeated seventeen and a half hours later under local anesthesia. Death took place fifty hours after the first symptom. The magnesium sulphate did not relieve at all; she was moribund at the time of the second injection. This was a fulminating case.
(11) PRANKE.-A man, aged 32, wounded his middle finger twelve days before tetanus commenced. The finger was amputated. Thirty grains of chloral hydrate were given daily per rectum. Ninety-one days after infection 1 c.c. of the magnesium-sulphate solution was injected, five days later 2 c.c., four days lae 2 c.c. The needle broke in the wound and 'had to be removed. After each injection the convulsions were relieved, the contraction lessened, and he slept better. He recovered. The dosage was small.
(12) ROBINSON.-A boy, aged 12, weighing 67T lb., developed, after a contusion of his scalp, an attack of tetanus. The wound was excised, and chloral and bromide given daily. On the eleventh day of the disease 3 c.c. of the magnesium-sulphate solution were injected under an ancesthetic, on the twelfth day 3-5 c.c., and on the fifteenth day 4 c.c. There was marked improvement under the use of magnesium sulphate, which lessened convulsions. He recovered.
(13) MELTZER and AUER.-A man, aged 35, developed tetanus four days after a wound of the foot. He was given large doses of antitoxin and sedatives, hut without relief. He was given an injection of the magnesium-sulphate solution in the dose of 1 c.c. for every 18 lb. of body weight, and two hours before his death antitoxins intravenously. The anesthetic and relaxing effect of the injection was good, but he died five hours after it. The respiration was good to the end.
(14) MILLER.-A boy, aged 7, lacerated his left hand seven days before. He was given antitoxin daily for fourteen days, in doses of 1500-7000 units; also sedatives for a short time, and copious saline infusions and enemata. He received eleven injections bf the magnesium-sulphate solution in thirteen days, approximately 2-5 c.c. each time. "Of the value of the treatment by magnesium sulphate no one who witnessed the case has any doubt." Relaxation lasted eighteen to twenty-four hours and involved all the muscles. Several times there was respiratory collapse lasting eleven to fourteen hours, and the pulse dropped. He recovered.
(15) PECK (referred to in Meltzer's paper).-A man, aged 35, wounded his foot, and developed tetanus four days later. He was given much antitoxin and sedatives. Magnesium-sulphate solution was given in the proportion of 1 c.c. for every 25 lb., but with only moderate effect; then 1 c.c. for every 18 lb. with good effect, complete relaxation resulting. Pulse 120, respiration 22, temperature 102 F. Three hours later he had 60 c.c. antitoxin intravenously, hut died suddenly two hours later. The respiration was good to the end. (20) GRIFFON.-A man, aged 18', received a gunshot wound on September 1, and tetanus followed on September 14. He was given antitoxin and chloral from September 14-19 without any improvement. On September 19 -20 he was given 2 c.c. of the magnesium-sulphate solution and he recovered.
(21) RAMOND.-A man, aged 21, injured his foot six days before tetanus developed. The first symptom was on July 29, 1908. He was admitted to hospital August 1. He had chloral and antitoxin daily until August 5, then less frequently. On August 5 he had 6 c.c. of the magnesium-sulphate solution, 4 c.c. on August 8, and 3 c.c. on August 14. He had retention of urine.
Recovery resulted.
APPENDIX.
In addition to the cases treated by intraspinal injections, three other cases are recorded in which magnesiurn sulphate was used subcutaneously. They are referred to in Blake's paper as well as in the original papers. The details are briefly as follows:-LYON'S CASE. Male, aged 7; history of tetanus for eight days; symptoms severe on the eleventh day. On the twelfth day 2 dr. of a solution of magnesium sulphate were injected under the skin of the abdomen, and repeated on the thirteenth, fourteenth, seventeenth, and nineteenth days. Cure resulted.
GREELEY'S FIRST CASE. A male, aged 2; tetanus about ten days. Two drachms of magnesium sulphate in a pint of water were injected under the skin: this was repeated the next day. He also had 7500 units of serum. Cure resulted.
GREELEY'S SECOND CASE. Male, aged 45; tetanus for four weeks: mild case. Three drachms of a magnesium-sulphate solution subcutaneously. Cure resulted.
I wished just to refer to these three cases without comment.
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DISCUSSION.
The PRESIDENT (Dr. Mitchell Bruce) said it was unfortunate that Professor Phillips could not be present, as it was impossible for him to leave Egypt until June. But he judged from the applause which greeted the reading of the paper that the Section would agree to its thanks being conveyed to Professor Phillips for his contribution. The author claimed no originality for the method which he had described, but he had given a very careful record of facts which certainly appeared to be encouraging; and when the paper was published, practitioners might be induced to try the treatment for a disease which appeared to be so intractable othierwise. He hoped some of those present would be able to detail cases of their own which they had observed and treated in the same way. The paper was also of interest from the point of view of spinal anesthesia, and perhaps those who had not had the opportunity of using the method in tetanus would at any rate be able to say something on that aspect of the subject.
Mr. C. M. PAGE desired to relate the course of a case which was admitted into St. Thomas's Hospital last Saturday, under Mr. H. B. Robinson, to whom he was indebted for permission to quote the instance. The patient was a man, aged 55, a labourer, who had previously been healthy and in regular work. On January 10 a cart wheel went over his right hand, causing a lacerated wound, which he treated himself for some days, without any special precautions as to cleanliness. Seven days later he was admitted to an infirmary, when the wound was said to be in a very dirty condition, and was treated antiseptically. Eleven days after the injury the man complained of pain in the back and neck, which were found to be rigid, and he could not properly open his mouth. On January 23 he was admitted to St. Thomas's. He was a strongly-built man, weighing about 12 st. There was an ulcer about the size of half a crown on the back of the right hand, covered with yellow slough. The face was drawn and lined, and he could swallow only with difficulty. The teeth could not be separated more than i in. Neck and back muscles were rigid and painful, but no opisthotonus was present. The abdominal muscles were stiff, but moved with respiration. The muscular condition of arms and legs seemed normal. Temperature 1020 F., pulse 100, of good volume and tension. He was given 30 gr. of chloral at four-hourly intervals, slept fairly well, and took some food. On the following day there was no very marked change in his muscular system, and at 10.30 a.m. he was anaesthetized with chloroform and the spinal theca punctured in the second lumbar space, 5 c.c. of cerebrospinal fluid being withdrawn and 5 c.c. of a 25-per-cent. solution of crystalline magnesium sulphate injected. About an hour later he had sufficiently recovered from the anaesthetic for his symptoms to be observed: he was conscious, and there was a flaccid paralysis of both legs; the knee-jerks, cremasteric and abdominal reflexes were absent, though the triceps-jerks were present, and the pectorals reacted to cutaneous stimulation. The abdomen was soft and moved fully with respiration, and voluntary movement was present in the arm'is. His colour was not good, but he could swallow more readily than before the punctu.re was done. At 3 o'clock he stopped breathing, but the pulse continued strong, and, after a few movements of artificial respiration, spontaneous breathing recommenced. After the injection of the magnesium sulphate be was not propped very high in bed. At 5.30 his arms were found to be flaccid. There was practically no movement in the chest, and the neck muscles were relaxed. The man was cyanosed and quite unconscious. He (Mr. Page) therefore punctured the theca in the second lumbar space, and cerebrospinal fluid trickled out, but not under much pressure; 6 c.c. of cerebrospinal fluid were withdrawn and kept for examination. Respiratory failure occurred at this stage, so he injected 5 c.c. of normal saline, containing -1gr. of strychnine, direct into the subdural space, and artificial respiration was carried out. He started breathing almost at once, and continued steadily to do so for half an hour, though the movements were shallow. The pulse then became weaker, and respiration stopped at 6.30 p.m. The heart also failed, and, in spite of the continuance of artificial respiration for another fifteen minutes, there were no signs of recovery. Nothing remarkable was found post mortem: there was some cirrhosis of the liver and thickening of the pia-arachnoid; the heart was large, but the valves healthy. Histological examination of the nervous system had not been completed. The specific gravity of the cerebrospinal fluid witlhdrawn on the second occasion was 1009. Chemically it showed traces of magnesium sulphate. The attack of tetanus was not a very acute one, and Mr. Page believed he died directly from the paralysing effects of the injection of the magnesium sulphate. The dose given was in accordance with that laid down. byN Dr. Meltzer. The dosage in this patient amounted to considerably under 1 c.c. for every 25 lb. of the body weight. Dr. A. E. RUSSELL said there was no doubt about the influence of spinal aneesthesia in the control of spasms of tetanus, and he had seen it control the spasms of strychnine poisoning in animals. If cocaine were injected into the lumbar spinal theca of a dog, and ili iij or nl iv of the liquor strychninae of the British Pharmacopaeia were then injected, the hinder part of the animal would show no strychnine spasms. But the fore-limb showed the spasms with the slightest stimulation. He thought the meaning of that was that the cocaine did not spread up readily from the lumbar to the cervical region; for if the cocaine were injected into the cervical region, the strychnine spasms did not occur in the cervical region, but could be obtained from the hinder part of the animal. As the cocaine influence passed off, the strychnine convulsions recurred, So that some form of spinal anaesthesia seemed to have a definite future in the case of tetanus, but scarcely for strychnine poisoning, because the patient was usually dead before treatment could be tried. If the magnesium sulphate caused a more prolonged ancesthesia than cocaine or stovaine or novocaine, it would be a better method of causing anmesthesia; but the case recorded by Mr. Page was a very serious one.
Dr. CASSIDY remarked that, in spite of what Professor Phillips said, the injection of magnesium sulphate seemed, in the light of the case narrated by Mr. Page, to be attended by danger; and the effects of novocaine or other spinal anawsthetics were too transient to make them valuable. The rational treatment seemed to be to make an effort to get the tetanus antitoxin into contact with the central nervous system. That had been done by injecting it into the lateral ventricles, but that necessitated an extensive surgical procedure. One's first aim in treating a case of tetanus ought to be to cut off external stimuli as far as possible, and if one made a large trephine hole in the skull much of the good from injecting the serum would be counteracted; but antitetanic serum could be introduced into the spinal theca with but little disturbance to the patient: there was no irritation after the operation, and the procedure was very valuable. He had the charts of the case of a child who came to hospital without any wounds on the body, but with a very foul mouth and carious teeth. She came on the fifth day of her illness, and she had most violent tetanic spasms, with extreme episthotonus and pleurothotonus, and the least stimulus caused convulsions. She was given antitetanic serum on the sixth, seventh, and eighth days, but without effect, and the temperature steadily rose to 1010 F., 1020 F., and 1030 F. On the tenth day he did lumbar puncture, removing 10 c.c. of cerebrospinal fluid, and injected the same quantity of antitetanic serum. The temperature, which was 104.60 F., fell to 101'3°F., with an evening rise to 1020 F., and next day there was a steady fall. On the fifteenth day it was normal, and she had had no convulsions after the injection. Everyone who saw the case agreed that the measures had done her much good.
Mr. ARTHUR BARKER said he had had very little experience of tetanus within the last decade or so-only one case, and that recovered on the injection of antitetanic serum through the dura of the skull. The operation was done by a colleague while he (Mr. Barker) was away. He was hoping that someone associated with physiological research would give some explanation as to why it was that a solution of sulphate of magnesium should produce a lowering of sensibility and irritability of the cord and nerves. It might be due to an abstraction of water from the cells of the cord and nerve roots, following on the introduction of a highly hypertonic solution. He froze a 25-per-cent. solution of the substance used in the injections, and he found a reading of 2 70 C. in relation to distilled water. Blood and normal saline freezing at 0'560 C., it was obvious that the magnesium-sulphate solution must be highly hypertonic, and must rob all living tissue cells of water on coming in contact with them. That robbing of the tissues of water was probably a factor in the lowering of the irritabilitv of the cells which existed in the motor tracts. In regard to suCh1 injections the position and posture of the patient were important. He believed the specific gravity of the fluid (specific gravity 1-131 since obtained) was much greater than that of the cerebrospinal fluid, which was 1007, and therefore it ought to be completely under control on adjusting the patient's position, so that its effect could be localized to any particular spot. He did not understand it travelling up to the respiratory centres quite so rapidly as had been indicated in some of the cases. Experience of spinal analgesia had shown that dense, somewhat viscid, fluids could be located to any particular segment of the cord or any set of nerves. He thought the term " intraspinal " injection should be modified, and he was glad to hear the term "intrathecal " used in the discussion. There was an idea on the part of some people that the spinal cord was injected, but that was out of the question. In that connexion he could not help reflecting on the tolerance of the spinal canal to interference. At one time it was thought to be so exceedingly sensitive, that anything which interfered with it in any way would necessarily end in disaster. But those who had observed cerebrospinal meningitis would know its tolerance was considerable. The same notion was held not long ago as to the extreme vulnerability of the peritoneum, but it was now known to be very tolerant. The cord and nerve roots were exceedingly delicate, and must be treated with profound respect, but they were probably surrounded by defensive agencies to a larger degrde than had hitherto been suspected, as was indicated by operative experience, by pathological observation, and by experiment.
Mr. T. P. BEDDOES said there seemed to be one fallacy in the figures put forward that evening, namely-that a greater mortality from tetanus was made out in Cairo than in London. That might be accounted for by the cases in London coming for treatment earlier, because there was little doubt that, although tetanus was vastly more common in hot climates, the mortality was very considerably less. Those who practised in the Tropics, although they had good preparations of tetanus vaccines, were not so frequently in the habit of using them, because the other methods of treatment were, on the whole, fairly successful. And there seemed little doubt, from laboratory experiments, that the application of heat to an animal had considerable effect in warding off the fatal influence of tetanus. Experiment also showed that an animal injected with a measured dose of tetanus and then subjected to a fairly high temperature survived, whereas the control animal did not. Also an animal treated with pilocarpine survived,' and that might be the explanation of the two cases from St. Thomas's. The explanation of one of the cases surviving might be that it came under treatment at a warmer time of the year-viz., in Marchwhereas the fatal case was treated in January. And he submitted, that if the cases which were treated with magnesium sulphate were subjected to a certain amount of treatment which experience and laboratory experiments had shown to be successful, the magnesium treatment would probably be found to yield much better results.
"The experiments of Salomonsen and Madsen have shown that pilocarpine produces in immunized animals a rapid increase in the amount of antitoxin in the blood," Hewlett, "Serum Therapy," 1903, p. 26. 
